(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



01) EP 0 769 788 A2 
EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


/51^ intci 6 H01B3/44 

l II till w 1 , . ■ I w I ■ ■ 




23.04.1997 Bulletin 1997/17 




Anoliration number' 96307535 3 




(22) 


Date of filing: 17.10.1996 




(84) 


Designated Contracting States: 


(72) Inventor: Rosen mayer, Thomas C. 




DE ES FR GB IT NL SE 


Eau Claire, Wisconsin 54701-5632 (US) 


(30) 


Priority: 11.01.1996 US 584848 


(74) Representative: McCallum, William Potter et al 




20.10.1995 US 5759 


Cruikshank & Fairweather 






19 Royal Exchange Square 


(71) 


Applicant: W.L. GORE & ASSOCIATES, INC. 


Glasgow G1 3AE Scotland (GB) 




Newark, Delaware 19714-9206 (US) 





(54) Low dielectric constant material for use as an insulation element in an electronic device 



(57) A lowdielectric constant material is provided for 
use as an insulation element in an electronic device, 
such as but not limited to an integrated circuit structure 
for example. Such a low dielectric constant material may 
be formed from an aqueous fluoropolymer microemul- 



sion or microdispersion. The low dielectric constant ma- 
terial may be made porous, further lowering its dielectric 
constant. The low dielectric constant material may be 
deposited by a spin-coating process and patterned us- 
ing reactive ion etching or other suitable techniques. 
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Description 

The present invention generally relates to high 
speed integrated circuits. More particularly, the present 
invention relates to an improved dielectric material for 
use as an insulation element in an electronic device, 
such as but not limited to an integrated circuit structure. 

Future high performance integrated circuits will re- 
quire interlayer dielectric (ILD) materials with as low a 
dielectric constant as possible. One conventional meth- 
od of forming an ILD is to deposit a layer of silicon diox- 
ide (Si0 2 ) using chemical vapor deposition (CVD) tech- 
niques. Such an ILD provides a conformal layer over the 
metal signal traces of an integrated circuit. Following the 
CVD of the Si0 2 , a layer of planarizing glass is applied, 
typically using a spinon deposition technique. The 
planarizing glass is then polished flat using a process 
known as chemical mechanical polishing. These glass 
layers must be carefully deposited so as to reduce the 
amount of residual mechanical stress. Because of the 
high elastic modulus of the glass, an incorrect amount 
of residual stress can cause severe reliability problems 
in the metal signal traces. 

A description of the effects of stresses on the relia- 
bility of integrated circuits is given, for example, by C.T 
Rosenmayer, et al., in, "EFFECT OF STRESSES ON 
ELECTROMIGRATION", 29th Annual Proceedings of 
the IEEE International Reliability Physics Symposium, 
1991. 

Several materials have been proposed for use as a 
low dielectric constant ILD. These materials include po- 
rous glass; fluorinated glass; a material comprising a co- 
polymer of 2,2-bistrifluoromethyl-4,5-difluoro-1 ,3-diox- 
ole (PDD) with tetrafluoroethylene (TFE); fluorinated 
polyimides; and fluorinated poly (benzocyclobutens). 
Although these materials may operate with varying de- 
grees of success in certain applications, they suffer from 
a multiplicity of shortcomings which have detracted from 
their usefulness. For example, these materials vary in 
reliability, and have long process cycles, inadequate 
thermal and chemical stability, and high stress. Addition- 
ally, of these listed materials, only porous glass and 
PDD-TFE copolymers have a dielectric constant of less 
than 2.2. However, porous glass is limited in practicality 
by its long processing time (~ 1 0 hours), while PDD-TFE 
copolymer has insufficient thermal stability. 

The foregoing illustrates limitations known to exist 
in present integrated circuit structures. It is apparent that 
it would be advantageous to provide an improved low 
dielectric constant material, for use as an insulation el- 
ement in an integrated circuit structure, directed to over- 
coming one or more of the limitations set forth above. 
Accordingly, a suitable alternative is provided which has 
a minimal dielectric constant, has thermal stability 
above 400° C, and possesses reasonable processing 
times. 

According to the present invention there is provided 
an improved electronic device, the improvement com- 



prising a fluoropolymer or a fluorinated polymer dielec- 
tric element, said element having a weight loss of less 
then 0.15%/minute at 420°C, and a thickness of less 
than 5um 

s According to a further aspect of the present inven- 
tion there is provided an improved dielectric material for 
use as an insulation element in an integrated circuit 
structure, the improved dielectric material comprising a 
fluoropolymer material or a fluorinated polymer material 

10 having a weight loss of less than 0.1 5%/minute at 420° C 
and a thickness of less than 5u.m. 

The present invention provides a low dielectric con- 
stant material for use as an insulation element in an 
electronic device, such as but not limited to an integrat- 
es ed circuit structure for example. Such a low dielectric 
constant material may be formed from an aqueous fluor- 
opolymer microemulsion or microdispersion. The low di- 
electric constant material may be made porous, further 
lowering its dielectric constant. The low dielectric con- 

20 stant material may be deposited by a spin-coating proc- 
ess and patterned using reactive ion etching or other 
suitable techniques. 

In one embodiment of the present invention, an im- 
proved electronic device is provided wherein the im- 

25 provement comprises a fluoropolymer dielectric materi- 
al having a dielectric constant of less than 2.2, a weight 
loss of less than 0.15%/minute at 420°C, and a thick- 
ness of less than 5um 

The aqueous fluoropolymer microemulsion or 

30 microdispersion is prepared with very small ceils of 
monomer molecules dispersed throughout an aqueous 
medium. The small cells each act as a polymerization 
site to form very small particles of polymers. The micro- 
emulsion is polymerized to produce a colloidal polymer- 

35 ization system containing a fluoropolymer, such as pol- 
ytetrafluoroethylene (PTFE), or its copolymers. The par- 
ticles have an average diameter ranging from 1 to about 
80 nanometers. 

In one embodiment of the present invention, the ra- 

40 tio of surfactant to TFE monomer necessary to produce 
small particles has been found to be 1 .17 or more. The 
colloidal polymer particles may contain 20 to 100% by 
weight of polymerized tetrafluoroethylene and form 0 to 
80% by weight of units of at least one monomer copol- 

45 ymerizable with tetrafluoroethylene. The co-monomers 
include fluorine-containing olefins of 2-1 8 carbons, chlo- 
rine-containing olefins of 2-18 carbons, or fully hydro- 
genated olefins of 2-18 carbons for example ethylene 
or propylene. Crosslinking agents may be present, for 

50 example, gtycidyfvinyl ether, chloroalkyl vinyl ether, and 
the like. 

It has been found that different forms of poly- 
tetrafluoroethylene can be obtained depending on the 
ratio of components in the microemulsion. More partic- 
55 ularly, when the ratio of surfactant to liquid TFE mono- 
mer is about 1:1, the PTFE material found is platelet- 
like. When the ratio of surfactant to liquid TFE monomer 
is greater than 1.17, small particles of PTFE are formed. 
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Thus, ratios of surfactant to TFE monomer, by weight, 
of over 1 .1 7 are beneficial in producing small, round par- 
ticles of PTFE of very high molecular weight. 

Embodiments of the present invention will now be 
described, by way of example, with reference to the ac- s 
companying drawings in which:- 

Figure 1 is an scanning electron micrograph (SEM) 
cross-section of a 0.75 micron PTFE film in accord- 
ance with the teachings of the present invention; 
Figure 2 is an SEM surface view of a single crystal 
silicon wafer which has been coated with a bicon- 
tinuous PTFE microemulsion in accordance with 
the teachings of the present invention; and 
Figure 3 is a graph of Deposited Film Thickness 
(Angstroms) v. Spin Speed (RPM) in accordance 
with the teachings of the present invention. 
Figure 4 is a graph of Isothermal Weight Loss Rate 
(%/minute) v. Temperature. 

The present invention comprises a low dielectric 
constant material for use as an insulation element in an 
electronic device, such as an integrated circuit structure. 
The integrated circuit structure, which may be an active 
or passive device, may contain one or more interlayer 
dielectric (ILD) layers of the low dielectric constant ma- 
terial of the present invention, which is formed from a 
fluoropolymer microemulsion or microdispersion. 

As used herein, a microemulsion or microdisper- 
sion means a stable isotropic mixture of resin, oil, water, 
and/or surfactant which forms spontaneously upon con- 
tact of the ingredients. Other components, such as salt 
or a co-surfactant (such as an alcohol, amine, or other 
amphiphilic molecule) may also be part of the microe- 
mulsion formulation. The oil and water reside in distinct 
domains separated by an interfacial layer rich in sur- 
factant Because the domains of oil or water are so 
small, microemulsions appear visually transparent or 
translucent. Unlike emulsions, microemulsions are 
equilibrium phases. 

Microemulsions can have several microstructures, 
depending upon composition, and sometimes upon 
temperature and pressure. There are three most com- 
mon structures. One is an oil-in-water microemulsion 
where oil is contained inside distinct domains (droplets) 
in a continuous water-rich domain. The second is water- 
in-oil microemulsion, so-called inverse microemulsions, 
where water is contained inside distinct domains (drop- 
lets) in a continuous oil-rich domain. The third is a bi- 
continuous microemulsion where there are sample- 
spanning intertwined paths of both oil and water, sepa- 
rated from each other by a surfactant-rich sponge-like 
structure. 

Polymerization of emulsified and microemulsified 
unsaturated hydrocarbon monomers is known, where 
high reaction rates, high conversions and high molecu- 
lar weights can be achieved. A microemulsion can be 
distinguished from a conventional emulsion by its optical 



clarity, low viscosity, small domain size, thermodynamic 
stability and spontaneous formation. Polymerization of 
microemulsified monomers has many advantages over 
traditional polymerization of emulsified monomers. Mi- 
croemulsions are normally transparent to translucent so 
that they are particularly suitable for photochemical re- 
actions, while emulsions are turbid and opaque. Also, 
the structural diversity of microemulsions (droplets and 
bicontinuous) is set by thermodynamics, and rapid po- 
lymerization may be able to capture some of the original 
structure. In addition, microemulsion polymerization en- 
ables the production of stable, monodisperse microla- 
texes containing colloidal particles smaller than those 
produced from classical emulsion polymerization proc- 
esses. Smaller particle size improves the ability to form 
coatings without microcracking. The increased surface 
area improves particle fusion during molding opera- 
tions. 

Emulsion polymerization, as opposed to microe- 
mulsion polymerization, of dissolved gaseous tetrafluor- 
oethylene (PTFE) or its copolymers is a known process. 
Aqueous colloidal dispersions of PTFE or its copoly- 
mers can be prepared in a pressure reactor by placing 
the gaseous monomer, or a mixture of monomers in con- 
tact with an aqueous solution containing at least one 
emulsifier which generally is a fluorinated surfactant, 
possibly a buffer for keeping the medium at a given pH, 
and at feast an initiator which is capable of forming free 
radicals at the polymerization temperature. The free 
radical initiators can be water soluble peroxides, or al- 
kaline or ammonium persulfates. Persulfate can be 
used alone if the polymerization temperature is above 
approximately 50°C, or in association with a reducing 
agent such as ferrous salt, silver nitrate, or sodium bi- 
sulfite if the polymerization temperature is approximate- 
ly between 5 to 55°C, as described in the U.S. Patent 
No. 4,384,092, which is incorporated herein by refer- 
ence. 

The gaseous monomer molecules in the foregoing 
process enter the aqueous liquid and react to form pol- 
ymer without first forming a distinct liquid phase. Thus, 
the polymer particles are large particles suspended in 
the aqueous mixture; and the process is not a true liquid- 
in- liquid emulsion polymerization. The process is some- 
times referred to as dispersion polymerization. 

Microemulsion polymerization operates by a differ- 
ent mechanism than emulsion polymerization. It in- 
volves polymerization of liquid monomer rather than 
gaseous monomers. Because the polymerization in- 
volves polymerization of unusually small cells of liquid 
monomer, the resulting polymer particles are unusually 
small. However, polymerization of liquid TFE is not usu- 
ally practiced because of the well known potential han- 
dling hazards. 

As the term is used herein "low dielectric constant" 
means a dielectric constant of between about 1 .0 and 
3.0, whereas a conventional Si0 2 ILD material has a di- 
electric constant of 3.9. 
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By having a dielectric constant of between 1 .0 and 
3.0, an ILD formed by the teachings of the present in- 
vention forms an electrically insulating layer between 
two electrically conducting layers, such as polysilicon or 
metal, which is effective in lowering the effective capac- $ 
itance, reducing the crosstalk, and increasing the signal 
velocity of propagation (VP) of the conductive layers 
separated by the ILD. 

As the term is used herein "fluoropolymer" means 
a polymer with a fully fluorinated structure. In a fully 10 
fluorinated polymer, essentially all of the hydrogen at- 
oms are replaced by fluorine atoms. 

As the term is used herein "fluorinated polymer" 
means a polymer with a partially fluorinated structure. 
In a partially fluorinated structure not all of the hydrogen « 
atom are replaced by fluorine atoms. 

The thickness of an ILD formed in accordance with 
the teachings herein is in a range of from about 0.1 to 
about 5.0 um More typically, the thickness is in a range 
of from about 0.5 to about 1 .5 urn Such a range of thick- 20 
nesses may be particularly desired for producing 
present and future generation integrated circuit struc- 
tures. 

The low dielectric material of the present invention 
is a fluoropolymer which is deposited from a microemui- & 
sion or microdispersion comprising particles of approx- 
imately an average size of from about 1 to about 80 na- 
nometers (0.001 to 0.080 micrometers), preferably from 
about 1 to about 60 nanometers, and most preferably 
from about 1 to about 30 nanometers; surfactant; and 30 
water. The fluoropolymer may include, but is not limited 
to, polytetrafluoroethylene (PTFE), fluorinated ethyl- 
enepropylene (FEP), fluoromethacrylate (Fac), or per- 
fluoroalkoxy polymer (PFA). 

The low dielectric material may have porosity in- 3S 
duced in order to reduce its dielectric constant. The po- 
rosity may be created by employing a bicontinuous mi- 
croemulsion. Such a bicontinuous fluoropolymer micro- 
emulsion system contains both oil (monomer) phase 
and aqueous phase intertwined into each other, sepa- *o 
rated by surfactant layers. A rapid polymerization of the 
monomers (oil phase) can capture the unpolymerized 
microstructure. When the water is removed during the 
drying step, a porous structure is left behind. 

The low dielectric constant material of the present 
invention may be deposited to form an ILD by a spin 
coating process using a microemulsion liquid. The spin 
coating process is comprised of several steps which are 
outlined hereinafter: 

so 

1 ) A substrate, such as a silicone wafer for example, 
is spun at about 500 RPM. While the substrate is 
spinning at such a speed, a wetting agent, such as 
isopropanol, is dispensed onto the surface of the 
spinning substrate to wet out the surface of the sub- 55 
strate. 

2) A fluoropolymer microemulsion is dispensed on- 
to the surface of the spinning substrate, while it is 



spinning at 500 rpm. 

3) The rotational speed of the substrate is next in- 
creased to a range of from about 1000 to about 
5000 RPM. The rotational speed employed deter- 
mines the thickness of the dielectric layer achieved, 
as best seen by reference to Figure 3. 

4) The increased rotational speed is maintained, 
until the coating thickness of the microemulsion sta- 
bilizes. Typically, stabilization occurs in from 10 to 
about 50 seconds, depending on the rotational 
speed. In this regard, a faster speed requires less 
time to stabilize. 

5) The coated substrate is initially baked at a tem- 
perature of about 200°C to drive off the water and 
surfactant of the microemulsion. 

6) Thereafter, the substrate is baked at near the 
melting point of the fluoropolymer in order to im- 
prove its adhesion to the substrate. 

7) The substrate is slowly cooled to about 200 °C 
by raising it above the surface of a heating device, 
such as a hot plate for example. 

8) Finally, the substrate is cooled to an ambient tem- 
perature condition by using a chill plate. 

If desired, the substrate may be planarized, imaged, 
and/or etched by employing conventional integrated cir- 
cuit processing techniques which are known to those 
skilled in the art. 

MICROEMULSION POLYMERIZATION PROCEDURE 
FOR PRODUCING SMALL PARTICLES OF 
POLYTETRAFLUOROETHYLENE 

An aqueous microemulsion polymerization proce- 
dure produces unusually small particles of poly- 
tetrafluoroethylene (PTFE) which is particularly useful 
to form a low dielectric constant ILD in accordance with 
the teachings herein. 

The ingredients, ratios and conditions of the micro- 
emulsion are selected to result in polymerization of liq- 
uid tetrafluoroethylene (TFE). In one aspect, the result- 
ing polymers have a three-dimensional continuous mi- 
cro-network of fibrils and bundles of fibrils and randomly 
dispersed platelets of TFE polymers. In another aspect, 
the resulting polymer produced is a gel characterized as 
a spongy mass comprised visually of layers of sheet- 
like configurations, and which has a microstructure of a 
three-dimensional continuous network of convoluted 
randomly disposed fibrils and bundles of fibrils of TFE 
polymers. In another aspect, the polymer produced is 
characterized as a spongy mass having a microstruc- 
ture of predominantly randomly disposed platelets inter- 
connecting or interpenetrating one another and also be- 
ing randomly connected by randomly disposed fibrils, to 
form a three-dimensional continuous network of TFE 
polymer. In still another aspect, very small particles of 
TFE polymer are produced. Which form of polymer is 
produced depends on the ratio of surfactant to liquid 
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TFE, as described above. 

By microstructure, and the like, it is meant that the 
structure is not visible to the naked eye. 

To form the polymers, a mixture of liquid tetrafluor- 
oethylene (TFE) and at least one fluorinated surfactant 
in water is employed. The TFE may be introduced to the 
reaction vessel in liquid form, or in gaseous form and 
subsequently liquefied, in the presence of microemulsi- 
fied seed particles, or micelles, of a liquid perfluorinated 
hydrocarbon that is a saturated aliphatic or aromatic or- 
ganic compound having up to 2 oxygen, nitrogen, or sul- 
fur atoms and a molecular weight preferably below 500. 

PTFE produced from microemulsion polymerization 
when the surfactant/monomer ratio is at least 1.17 are 
usually small, being on the order of an average size of 
from 1 to 80 nanometers (0.001 to 0.080 micrometers), 
preferably 1 to 60 nanometers and most preferably 1 to 
30 nanometers, and a polymer average molecular 
weight of over 100,000, preferably over 500,000 and 
most preferably over 1,000,000. It is believed that such 
unusually small polymer particles are obtained because 
polymerization of the gaseous TFE takes place inside 
the very small micelles of the hydrocarbon organic com- 
pound in the microemulsion. 

The amount of surfactant used in the reaction is ad- 
justed to maximize the formation of the type of particle 
desired, as described above. A suitable fluorinated sur- 
factant or a mixture of fluorinated surfactants are need- 
ed with the weight ratio of the surfactants to monomers 
in the liquid phase of being adjusted according to the 
product desired. There is no criticality in an upper limit, 
but generally one usually does not go higher than 5:1. 
Suitable fluorinated surfactants include a fluorinated an- 
ionic surfactant, for example a salt of a fluorinated car- 
boxylic acid or a sulfonic acid, a sulfate, a cationic sur- 
factant for example a fluorinated quartenary ammonium 
salt; or a fluorinated nonionic surfactant. The mixture 
can be formed preferably at a temperature below the 
critical temperature (Tc) of TFE, approximately 33.3°C 
for TFE, and above the freezing temperature of the sur- 
factant containing aqueous solution. Mechanical stirring 
can be provided. Free radical polymerization can be in- 
itiated by adding water-soluble free radical initiators, for 
example, a peroxide, an alkaline or ammonium persul- 
fate, or some water soluble azo compounds or a salt of 
permanaganate. The free radical initiators can also be 
used in association with a reducing agent such as fer- 
rous salt, silver nitrate, sodium bisulfite, and the like. It 
is also possible to initiate the polymerization by photo- 
chemical reactions. The possible photoradiation source 
include ultraviolet (UV) light, electron beam, or gamma 
radiation. The polymerization temperature can be be- 
tween 5 to 100°C, and preferably between 5 to 33.3°C 
for polytetrafluoroethylene. 

Comonomers that may be present in the mixture in- 
clude halogenated (chlorine or fluorine) olefins of 2-18 
carbon atoms, for example vinyl chloride, vinylidene 
chloride, chlorotrifluoroethylene, hexafluoropropylene, 



perfluoroalkyl vinyl ether, or the like; hydrogenated un- 
saturated monomers, such as ethylene, propylene, iso- 
butylene, vinyl acetate, acrylates, or the like; crosslink- 
ing agents, such as glycidylvinylether, chloroalkyl vinyl 
5 ether, allyl-glycidylether, acrylates, methacrylates, or 
the like. The amount of comonomer that can be present 
should not be so great as to change the nature of the 
product that would be obtained if PTFE had been the 
product. 

10 The perfluorinated hydrocarbon is a low molecular 
weight compound that is liquid at the temperature at 
which polymerization is carried out. The molecular 
weight is preferably less than 500. The perfluorinated 
hydrocarbon preferably has a boiling point less than 
is 230°C. The perfluorinated hydrocarbon can be a per- 
fluorinated saturated aliphatic compound such as a per- 
fluorinated alkane; a perfluorinated aromatic compound 
such as perfluorinated benzene, or perfluorinated tetra- 
decahydro phenanthene. It can also be a perfluorinated 
20 alkyl amine such as a perfluorinated trialkyl amine. It can 
also be a perfluorinated cyclic aliphatic, such as decalin; 
and preferably a heterocyclic aliphatic compound con- 
taining oxygen or sulfur in the ring, such as perfluoro- 
2-butyl tetrahydrofuran. 
25 Examples of perfluorinated hydrocarbons include 
perfluoro-2-butyltetrahydrofuran, perfluorodecalin, per- 
fluoromethyldecalin, perfluorodimethyldecalin, perfluor- 
omethylcyclohexane, perfluoro(1 ,3-dimethylcyclohex- 
ane), perfluorodimethyldecahydronaphthalene, per- 
30 fluorofluoorene, perfluoro(tetradecahydrophenan- 
threne), perfluorotetracosane, perfluorokerosenes, oc- 
tafluoronaphthalene, oligomers of poly (chlorotrifluor- 
oethylene), perfluoro(trialkylamine) such as perfluoro 
(tripropylamine), perfluoro(tributylamine), or perfluoro 
35 (tripentylamine), and octafluorotoluene, hexafluoroben- 
zene, and commercial fluorinated solvents, such as Flu- 
orinert FC-75 which is produced by the 3M Company. 
The fluorinated alkanes can be linear or branched, with 
a carbon atom number between 3 and 20. Oxygen, ni- 
40 trogen or sulfur atoms can be present in the molecules, 
but the number of such atoms per molecule should be 
2 or less. 

The preparation of the microemulsion depends on 
careful selection of the ingredients. The microemulsion 

45 is prepared by mixing water, perfluorinated hydrocar- 
bon, fluorinated surfactant(s), and optionally cosolvents 
or inorganic salts. The amounts employed are 0.1-40 
weight percent, preferably 0.1-20, of the perfluorinated 
hydrocarbon; 0.1-40 weight percent, preferably 0.1-25, 

50 of the surfactant; and optionally cosurfactants; with the 
remainder water. The microemulsified perfluorinated 
hydrocarbons are believed to serve as microreactors for 
fluorinated monomers to enter and to be polymerized. 
The temperature of the microemulsion formation can be 

55 between 0 to 1 50°C, preferably 40 to 1 00°C. 

The fluorinated surfactant has the structure Rf E X, 
where R f is a fluorinated alkyl group with a carbon 
number between 4 and 16, E is an alkylene group with 
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a carbon number between 0 and 4, and X is an anionic 
salt such as COOM, S0 3 M, S0 3 NR 2 , S0 4 M, a cationic 
moiety such as quaternary ammonium salt, or an am- 
photeric moiety such as aminoxide, or a non-ionic moi- 
ety such as (CH 2 CH 2 0) n H; and M is H, Li, Na, K, or NH 4 ; 
R is a 1 to 5C alkyl group and n is a cardinal number of 
2 to 40. 

When tetrafluoroethylene is referred to herein, it is 
understood the term includes the so-called modified 
■homopolymer", in which the polymer chain includes 
very small amounts of units derived irom perfluorol(pro- 
pyl vinyl ether) or hexafluoropropylene. 

To initiate polymerization, the temperature of the mi- 
croemulsion is adjusted to between 0 and 150 o C, pref- 
erably 40 to 100°C. Initiators for polymerization include 
free-radical initiators, such as persulfates, azo initiators, 
peroxides, or photo initiators which can generate free 
radicals by ultraviolet or gamma rays. Amount of initia- 
tors present can range between 0.001 to 5 percent by 
weight based on the final polymer content. Cosolvents 
such as an alcohol, amines or other amphophilic mole- 
cules, or salt can be employed if desired to facilitate for- 
mation of the microemulsion. 

Tetrafluoroethylene is introduced to the reactor from 
the vapor phase into the aqueous microemulsion phase. 
Sufficient mixing between liquid and vapor phase is im- 
portant to encourage mass transfer The mechanism of 
forming the ultra small polymer particles is not fully un- 
derstood. It is believed that the higher the solubility of 
the tetrafluoroethylene monomer in the perfluorinated 
hydrocarbon, the better to achieve the original microe- 
mulsion particle size and shape. The time of reaction 
may be between 1 and 500 minutes. 

The resulting polymer particles in the resulting dis- 
persion have an average particle size of between 1 and 
80 nanometers, preferably 1 to 60, most preferably 1 to 
30, and a polymer average molecular weight of over 
100,000, preferably over 1,000,000. The unusually 
small particle size provides a polymer system with a 
number of advantages over systems containing larger 
particles. The system is an aqueous colloidal disper- 
sion, and is clear rather than turbid. 

A small amount of units from comonomers may be 
present in the polymer, provided the amount of comon- 
omer that can be present is not so great as to change 
the nature of the product that would be obtained if PTFE 
had been the product. In other words, the copolymer is 
still not melt processible. The comonomer can be a hal- 
ogenated (chlorine or fluorine) olefin of 2-18 carbon at- 
oms, for example vinyl chloride, vinylidene chloride, 
chlorotrifluoroethylene, hexafluoropropylene, perfluoro- 
alkyl vinyl ether, or the like; hydrogenated unsaturated 
monomers, such as ethylene, propylene, isobutylene, 
vinyl acetate, acrylates, or the like; crosslinking agents, 
such as glycidylvinylether, chloroalkyl vinyl ether, allyl- 
glycidylether, acrylates, methacrylates, or the like. 

One suitable microemulsion for use as an ILD in ac- 
cordance with the teachings here had a weight ratio of 



surfactant to TFE liquid monomer of 330/230, i.e., well 
over 1.17. The resulting polymer was comprised of very 
small particles of PTFE, on the order of from about 0.001 
to 0.06 micrometer. Such a material may be made by 

5 initially charging into a 10 liter pressure vessel, 5 Kg of 
deionized H 2 0 and 330g of ammonium perfluor- 
octanoate (Fluorad FC143, 3M). The pressure vessel 
was under vacuum and had been purged with tetrafluor- 
oethylene gas by a vacuum repressive sequence three 

10 times. The oxygen content of the aqueous mixture was 
less than 20 ppm. The pressure vessel was cooled to 
be about 10°C and tetrafluoroethylene gas was fed into 
the reactor and some tetrafluoroethylene was allowed 
to condense into a liquid form in aqueous phase. Total 

15 amount of liquid tetrafluoroethylene .charged to the 
pressure vessel was about 230g. The APFO/TFE ratio 
was over 1.17. The pressure vessel was equipped with 
a mixer and was used to stir the aqueous mixture at a 
speed of about 400 rpm. 2 grams of ammonium persul- 

20 fate in 100g H 2 0 were charged to the vessel, followed 
by 1 gram of ferrous sulfate (FeS0 4 ) and 2 grams of so- 
dium sulfite (Na 2 S0 3 ) in 100g H 2 0 to initiate polymeriza- 
tion. The pressure inside the vessel was about 30 Kg/ 
cm 2 starting from initiation to the end of about 2 hours 

25 reaction time. There was no significant pressure change 
throughout the reaction, which indicated that very little 
tetrafluoroethylene in the vapor phase participated the 
reaction. The temperature of the aqueous mixture inside 
the vessel was maintained between 10-12°C, employ- 

30 jng brine water. After about 2 hours of reaction, 
tetrafluoroethylene gas was released from the vessel 
and the aqueous dispersion was discharged. 

The aqueous dispersion looked clear, and con- 
tained about 4% polymer content. The melting temper- 
as ature of the polymer was determined by Differential scan 
Calorimetry (DSC) to be about 331 °C, which is in the 
melting range of polytetrafluoroethylene. The clarity of 
the dispersion is indicative of the presence of small par- 
ticles on the order of 0.06 micrometer or less in size. 

40 An ILD formed by a microemulsion of PTFE will 
have a dielectric constant of between 1 .0 and 3.0, 

MICROEMULSION POLYMERIZATION PROCEDURE 
FOR PRODUCING SMALL PARTICLES OF MELT 
45 PROCESSIBLE FLUOROPOLYMER PARTICLES 

An aqueous microemulsion polymerization proce- 
dure produces unusually small particles of melt-proces- 
sible fluoropolymers. During this procedure, the polym- 

50 erization is carried out in the presence of microemulsi- 
fied seed particles, or micelles, of a liquid perfluorinated 
hydrocarbon that is a saturated aliphatic or aromatic or- 
ganic compound having up to two oxygen, nitrogens, or 
sulfur atoms and a molecular weight preferably below 

55 500. 

The polymer particles so produced are usually 
small, being on the order of one average size of 1 to 80 
nanometers (0.001 to 0.080 micrometers), preferably 1 
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to 60 nanometers, and most preferably 1 to 30 nanom- 
eters. It is believed that such unusually small polymer 
particles are obtained because polymerization takes 
place inside the very small micelles of the hydrocarbon 
organic compound in the microemulsion. 

The perfluorinated hydrocarbon is a low molecular 
weight compound that is liquid at the temperature at 
which polymerization is carried out. The molecular 
weight is preferably less than 500. The perfluorinated 
hydrocarbon preferably has a boiling point less than 
230°C. The perfluorinated hydrocarbon can be a per- 
fluorinated saturated aliphatic compound such as a per- 
fluorinated alkane; a perfluorinated aromatic compound 
such as perfluorinated benzene, or perfluorinated tetra- 
decahydro phenanthene. It can also be a perfluorinated 
alkyl amine such as a perfluorinated trialkyl amine. It can 
also be a perfluorinated cyclic aliphatic, such as decalin; 
and preferably a heterocyclic aliphatic compound con- 
taining oxygen or sulfur in the ring, such as perfluoro- 
2-butyl tetrahydrofuran. 

Examples of perfluorinated hydrocarbons include 
perfluoro-2-butyltetrahydrofuran, perfluorodecalin, per- 
fluoromethyldecalin, perfluorodimethyldecalin, perfluor- 
omethylcyclohexane, perfluoro(1 ,3-dimethylcyclohex- 
ane), perfluorodimethyldecahydronaphthalene, per- 
fluorofluoorene, perfluoro(tetradecahydrophenan- 
threne), perfluorotetracosane, perfluorokerosenes, oc- 
tafluoronaphthalene, oligomers of poly(chlorotrifluor- 
oethylene), perfluoro(trialkylamine) such as perfluoro 
(tripropylamine), perfluoro(tributylamine), or perfluoro 
(tripentylamine), andoctafluorotoluene, hexafluoroben- 
zene, and commercial fluorinated solvents, such as Flu- 
orinert FC-75 which is produced by the 3M Company. 
The fluorinated alkanes can be linear or branched, with 
a carbon atom number between 3 and 20. Oxygen, ni- 
trogen or sulfur atoms can be present in the molecules, 
but the number of such atoms per molecule should be 
two or less. 

The preparation of the microemulsion depends on 
careful selection of the ingredients. The microemulsion 
is prepared by mixing water, perfluorinated hydrocar- 
bon, fluorinated surfactant(s), and optionally cosolvents 
or inorganic salts. The amounts employed are 0.1-40 
weight percent, preferably 0.1-20, of the perfluorinated 
hydrocarbon; 1-40 weight percent, preferably 0.1-25, of 
the surfactant; and optionally cosurfactants; with the re- 
mainder water. The microemulsified perfluorinated hy- 
drocarbons are believed to serve as microreactors for 
fluorinated monomers to enter and to be polymerized. 
The temperature of the microemulsion formation can be 
between 0 to 150°C, preferably 40 to 100°C. 

The fluorinated surfactant has the structure R f E X, 
where R f is a fluorinated alkyl group with a carbon 
number between 4 and 16, E is an alkylene group with 
a carbon number between 0 and 4, and X is an anionic 
salt such as COOM, S0 3 M, S0 3 NR 2 , S0 4 M, a cationic 
moiety such as quarternary ammonium salt, or an am- 
photeric moiety such as aminoxide, or a non-ionic moi- 



ety such as (CH 2 CH 2 0) n H; and M is H, Li, Na, K, or NH 4 ; 
R is a 1 to 5C alkyl group and n is a cardinal number of 
2 to 40. 

The polymerizable fluorinated monomers that are 
s other than tetrafluoroethylene, include hexafluoroethyl- 
ene, perfluoro alkyl vinyl ether, trifluoroethylene, vinyli- 
dene fluoride, vinyl fluoride, chlorotrifluoroethylene. 
Nonfluorinated monomers can be used as comono- 
mers, such as vinylidene chloride, vinyl chloride, ethyl- 
w ene, propylene, butadiene. The monomer is preferably 
free-radical polymerizable, and preferably is ethyleni- 
cally unsaturated. 

To initiate polymerization, the temperature of the mi- 
croemulsion is adjusted to between 0 and 150°C, pref- 
ix erably 40 to 1 00°C. Initiators for polymerization include 
free-radical initiators, such as persulfates, azo initiators, 
peroxides, or photo initiators which can generate free 
radicals by ultraviolet or gamma rays. Amount of initia- 
tors present can range between 0.001 to 5 percent by 
20 weight based on the final polymer content. Cosolvents 
such as an alcohol, amines or other amphiphilic mole- 
cules, or salt can be employed if desired to facilitate for- 
mation of the microemulsion. 

The fluorinated gaseous monomers are introduced 
25 to the reactor from the vapor phase into the aqueous 
microemulsion phase. Sufficient mixing between liquid 
and vapor phase is important to encourage mass trans- 
fer. The mechanism of forming the ultra small fluorinated 
melt-processible polymer particles in this invention is 
30 not fully understood. It is believed that the higher the 
solubility of the monomers in the perfluorinated hydro- 
carbon, the better to achieve the original microemulsion 
particle size and shape. The time of reaction may be 
between 1 and 500 minutes. 
35 The resulting polymer particles in the resulting dis- 
persion have an average particle size of between 1 and 
80 nanometers, preferably 1 to 60, most preferably 1 to 
30, and a polymer average molecular weight of over 
100,000, preferably over 1,000,000. The unusually 
40 small particle size provides a polymer system with a 
number of advantages over systems containing larger 
particles. The system is an aqueous colloidal dispersion 
and is clear rather than turbid. 

45 BICONTINUOUS MICROEMULSION 

POI YMERIZATION PROCEDURE FOR PRODUCING 

SMALL PARTICLES OF 

PHI YTFTRAFLUOROETHYLENE 

so One method of polymerizing liquid tetrafluoroethyl- 
ene in an aqueous dispersion is described below and in 
U.S. Patents 5,399,640 and 5,403,900, which are incor- 
porated herein by reference. 

The ingredients, ratios and conditions are selected 

55 to result in polymerization of liquid tetrafluoroethylene 
(TFE) and optionally, minor amounts of other fluorinated 
ethylenically-unsaturated monomers that can be 
present. Free radical polymerization of the monomers 
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produces polymers of tetrafluoroethylene. The poly- 
mers have a three-dimensional continuous micro-net- 
work of fibrils and bundles of fibrils and randomly dis- 
persed platelets. 

The polymer produced is a gel characterized as a 5 
spongy mass comprised visually of layers of sheet-like 
configurations, and which has a microstructure of a 
three-dimensional continuous network of convoluted 
randomly disposed fibrils and bundles of fibrils. The 
spongy mass may also have a microstructure of pre- 
dominantly randomly disposed platelets interconnecting 
or interpenetrating one another and also being randomly 
connected by randomly disposed fibrils, to form a three- 
dimensional continuous network. 

To form such polymers, a mixture of liquid tetrafluor- 
oethylene (TFE) monomer and at least one fluorinated 
surfactant in water is employed. The TFE is introduced 
to the reaction vessel in liquid form and the amount of 
surfactant used in the reaction is adjusted to maximize 
the formation of a bicontinuous microemulsion system. 
It is believed that a bicontinuous microemulsion is 
formed spontaneously. A suitable fluorinated surfactant 
or a mixture of fluorinated surfactants is needed with the 
weight ratio of the surfactants to all monomers of from 
(in the liquid phase) at least 1:10, and preferably from 
1:4 or 1:2 or higher in surfactant concentration. There 
is no criticality in an upper limit, but generally one usually 
does not go higher than 5.1. The amounts of the sur- 
factants employed are from about 0.5 to about 50 weight 
percent, preferably from about 1 to about 20 percent; 
the amounts of total monomers (in the liquid phase) are 
from about 0.5 to about 50 weight percent; preferably 
from about 1 to about 30 percent; with the remainder 
water and optionally some salts. Suitable fluorinated 
surfactants include a fluorinated anionic surfactant, for 
example a salt of a fluorinated carboxylic acid or a sul- 
fonic acid, a sulfate, a cationic surfactant for example a 
fluorinated quartenary ammonium salt; or a fluorinated 
nonionic surfactant. The mixture is formed at a temper- 
ature below the critical temperature (Tc) of TFE for ex- 
ample approximately 33.3 °C for TFE, and above the 
freezing temperature of the surfactant containing aque- 
ous solution. Pressure should be below the critical pres- 
sure of TFE (i.e. below 39 atmospheres). Mechanical 
stirring can be provided. Free radical polymerization can 
be initiated by adding water-soluble free radical initia- 
tors, for example, a peroxide, an alkaline or ammonium 
persulfate, or some water soluble azo compounds or a 
salt of permanaganate. The free radical initiators can al- 
so be used in association with a reducing agent such as 
ferrous salt, silver nitrate, sodium bisulfite, and the like. 
It is also possible to initiate the polymerization by pho- 
tochemical reactions. The possible photoradiation 
sources include ultraviolet (UV) light, electron beam, or 
gamma radiation. The polymerization temperature is 
below the critical temperature of polytetrafluoroethylene 
which is about 33.3°C. A lower temperature can be any 
temperature above the freezing point of the mixture, but 



practically about 5 °C. is preferred. 

Comonomers that may be present in the mixture in- 
clude halogenated (chlorine or fluorine) olefins of 2-18 
carbon atoms, for example vinyl chloride, vinylidene 
chloride, chlorotrifluoroethylene, hexafluoropropylene, 
perfluoroalkyl vinyl ether, or the like; hydrogenated un- 
saturated monomers, such as ethylene, propylene, iso- 
butylene, vinyl acetate, acrylates, or the like; crosslink- 
ing agents, such as glycidylvinylether, chloroalkyl vinyl 
ether, allyl-glycidylether, acrylates, methacrylates, or 
the like. The amount of comonomer that can be present 
should not be so great as to change the nature of the 
product that would be obtained if PTFE had been the 
product. 

Free radical polymerization of the unsaturated mon- 
omers in such aqueous system can sometimes yield an 
aqueous medium containing colloidal fluorinated olefins 
having three-dimensional continuous network micro- 
structure or can yield a spongy gel material. 

Without intending to limit the scope of the present 
invention, the apparatus and method of production of 
the present invention may be better understood by re- 
ferring to the following examples: 

Example 1 

A 150 mm silicon wafer was spin coated with a mi- 
croemulsion comprising 16% PTFE, 10% ammonium 
perfluorooctanoate and the balance comprised water. 
The average PTFE particle size was about 30 nanom- 
eters. The wafer was spun at 500 RPM, dried at 220 °C 
and sintered at 360 °C. Film thickness was about 0.75 
microns as measured by SEM in cross-section. 

Example 2 

A 150 mm silicon wafer was spin coated with a mi- 
croemulsion comprising 16% PTFE, 10% ammonium 
perfluorooctanoate, and the balance comprised water. 
The average PTFE particle size was about 30 nanom- 
eters. The wafer was spun at 1000 RPM, dried at 220 
°C and sintered at 360 °C. Film thickness ranged from 
about 0.38 microns to about 0.40 microns, as measured 
by interierometry using a refractive index of 1 .38, (using 
a NanoSpec 210 type interferometer from the NANO- 
METRICS Company). 

Example 3 

A 150 mm silicon wafer was spin coated with a mi- 
croemulsion comprising 16% PTFE, 10% ammonium 
perfluorooctanoate, and the balance comprised water. 
The average PTFE particle size was about 30 nanom- 
eters. The wafer was spun at 2000 RPM, dried at 200 
°C and sintered at 360 °C. Film thickness ranged from 
about 0.28 microns to about 0.30 microns, as measu red 
by interferometry using a refractive index of 1.38. 



15 



20 



25 



30 



35 



40 



45 



50 



8 



15 

Example 4 

A 150 mm silicon wafer was spin coated with a mi- 
croemulsion comprising 16% PTFE, 10% ammonium 
perfluorooctanoate, and the balance comprised water. 
The average PTFE particle size was about 30 nanom- 
eters. The wafer was spun at 3000 RPM, dried at 200 
°C and sintered at 360 °C. Film thickness ranged from 
about 0.21 microns to about 0.23 microns, as measured 
by interferometry using a refractive index of 1 .38. 

Example 5 

A 150 mm silicon wafer was spin coated with a mi- 
croemulsion comprising 16% PTFE, 10% ammonium 
perfluorooctanoate, and the balance comprised water. 
The average PTFE particle size was about 30 nanom- 
eters. The wafer was spun at 5000 RPM, dried at 200 
°C and sintered at 360 °C. The average film thickness 
ranged from about 0.19 microns to about 0.22 microns, 
as measured by interferometry using a refractive index 
of 1.38. 

Example 6 

A 150 mm silicon wafer was spin coated with a bi- 
continuous microemulsion containing 10 % PTFE, 7% 
ammonium perfluorooctanoate, and the balance com- 
prised water. The wafer was spun at 500 RPM, dried at 
200°C, and sintered at 360°C. The resulting coating was 
porous by SEM observation, and had a maximum thick- 
ness of 2 microns. 

Referring to the Figures, Figure 1 is an SEM cross- 
section of a single crystal silicon wafer which has been 
coated with a PTFE microemulsion, in accordance with 
Example 1. The wafer was prepared by cleaving after 
immersing in liquid nitrogen. The bottom portion of Fig- 
ure 1 is the cleaved silicon fracture surface. The middle 
portion of Figure 1 is the PTFE fracture surface. It is typ- 
ical of low temperature, full density PTFE fracture sur- 
faces. By scaling from the 100 nm measurement bar, 
the thickness is found to be approximately 0.75 microns. 
The top portion of Figure 1 is the as-deposited PTFE 
surface. It is visible because the view is slightly less than 
perpendicular to the fracture surface. The surface is 
very smooth, flat, and pinhole free. 

Figure 2 is an SEM surface view of a single crystal 
silicon wafer which has been coated with a bicontinuous 
PTFE microemulsion in accordance with Example 6. 
The PTFE is present in a series of full density nodes 
which run approximately horizontally across Figure 6. 
These nodes are interconnected by PTFE fibrils which 
run approximately vertically across Figure 6. The verti- 
cal direction in Figure 6 is the same as the direction of 
the centrifugal force from the spinning operation. It is 
this force which separates the nodes, producing the fi- 
brillation. The PTFE closely resembles conventional ex- 
panded PTFE membranes. It differs in that it was directly 
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cast onto the surface of the wafer from the liquid micro- 
emulsion. Another method to achieve such an I LD would 
be to separately prepare, by a variety of extrusion and 
expansion processes, a PTFE membrane. This mem- 
5 brane would then have to be laminated onto the wafer. 
The teachings of the present invention eliminate many 
of such process steps. Also, the necessity to handle very 
thin membranes, which are fragile when not laminated 
to substrates, is eliminated by the teachings of the 
present invention. 

Figure 3 is a graph of Deposited Film Thickness 
(Angstroms) v. Spin Speed (RPM) in accordance with 
the teachings of the present invention. It may be seen 
that thickness decreases smoothly with increasing rota- 
tional speed. This allows a variety of coating thickness- 
es in the range of from about 0.75 microns to about 0.2 
microns to be easily deposited onto a substrate in ac- 
cordance with the teachings herein. 

Figure 4 is a graph of Isothermal Weight Loss Rate 
(%/minute) v. Temperature. This graph illustrates that 
the low dielectric material of the present invention is par- 
ticularly useful as a dielectric material for an integrated 
circuit structure because of the low weight loss rates ex- 
perienced by this material at the high temperatures 
lich are required in the manufacture and processing 
integrated circuit structures. 



An improved electronic device, the improvement 
comprising: 

a fluoropolymer or a lluorinated polymer die- 
lectric element, said element having a weight loss 
of less than 0.15%/minute at 420°C, and a thick- 
ness of Jess than 5um 

A device as claimed in claim 1 in which the dielectric 
element has a dielectric constant of less than 2.2. 

A device as claimed in claim 2, wherein the dielec- 
tric element has a dielectric constant in a range from 
about 1.9 to about 2.2. 

A device as claimed in any of claims 1 to 3, wherein 
the thickness is less than 1.5um 

A device as claimed in any of claims 1 to 4, wherein 
the weight loss is less than 0.02%/minute at 420°C. 

A device as claimed in claim 5, wherein the weight 
loss is less than 0.01 %/minute at 420°C. 

A device as claimed in any preceding claim, where- 
in the fluoropolymer or the fluorinated polymer is a 
homopolymer of tetrafluoroethylene. 

8. A device as claimed in any of claims 1 to 6, wherein 
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the fluoropolymer or the fluorinated polymer is a co- 
polymer of tetrafluoroethylene. 

9. A device as claimed in any of claims 1 to 6, wherein 
the fluoropolymer or the fluorinated polymer in- 
cludes comonomers selected from a group consist- 
ing of hexafluoropropylene and perfluoro (alkyl vinyl 
ether). 

10. A device as claimed in any preceding claim, where- 
in the fluoropolymer or the fluorinated polymer fur- 
ther includes antioxidants. 

11. A device as c\a\med in any preceding claim, where- 
in the fluoropolymer or the fluorinated polymer fur- 
ther includes silicon dioxide. 

12. A device as claimed in any preceding claim, where- 
in the fluoropolymer or the fluorinated polymer is po- 
rous. 



consisting of hexafluoropropylene and perfluoro 
(alkyl vinyl ether). 

22. A material as claimed in any of claims 13 to 21, 
5 wherein the fluoropolymer or the fluorinated poly- 
mer further includes antioxidants. 

23. A material as claimed in any of claims 13 to 22, 
wherein the fluoropolymer or the fluorinated poly- 

10 mer further includes silicon dioxide. 

24. A material as claimed in any of claims 12 to 21, 
wherein the fluoropolymer or the fluorinated poly- 
mer is porous. 

15 



20 



13. An improved dielectric material for use as an insu- 
lation element in an integrated circuit structure, the 
improved dielectric material comprising: 

a fluoropolymer material or a fluorinated pol- 25 
ymer material having a weight loss of less than 
0. 1 5%/minute at 420°C and a thickness of less than 
Sum 

14. A material as claimed in claim 13, in which the die- 30 
iectric material has a dielectric constant of less then 

2.2. 



15. A material as claimed in claim 1 4, wherein the die- 
lectric material has a dielectric constant in a range 3S 
from about 1 .9 to about 2.2 



16. A material as claimed in any of claims 13 to 15, 
wherein the thickness is less than 1 .5u>m. 

17. A material as claimed in any of claims 13 to 16, 
wherein the weight loss is less than 0.02%/minute 
at 420°C. 



18. A material as claimed in claim 17, wherein the 45 
weight loss is less than 0.01%/minute at 420°C. 

19. A material as claimed in any of claims 13 to 18, 
wherein the fluoropolymer or the fluorinated poly- 
mer is a homopolymer of tetrafluoroethylene. so 

20. A material as claimed in any of claims 13 to 18, 
wherein the fluoropolymer or the fluorinated poly- 
mer is a copolymer of tetrafluoroethylene. 

55 

21. A material as claimed in any of claims 13 to 18, 
wherein the fluoropolymer or the fluorinated poly- 
mer includes comonomers selected from a group 



10 



EP 0 769 788 A2 

FIG. 1 




FIG. 2 




11 



EP 0 769 788 A2 



O 




o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


00 




<o 


in 




CO 







12 



EP 0 769 788 A2 



FIG. 4 



0.02 



0.018 



| 0.016 



0.014 



~ 0.012 



0.01 



0.008 



0.006 



0.004 



0.002 




375 



400 425 450 

Temperature, Degreees C 



13 



(19) 



J 



Europaisches Pat ntamt 
European Patent Office 
Offic europeen des brevets 



(12) 



01) EP 0 769 788 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

14.01.1998 Bulletin 1998/03 

(43) Date of publication A2: 

23.04.1997 Bulletin 1997/17 

(21) Application number: 96307535.3 

(22) Date of filing: 17.10.1996 



(51) Intel* H01B 3/44, H01L 23/532, 
H01L 23/29 



(84) Designated Contracting States: 
DE ES FR GB IT NL SE 

(30) Priority: 11.01.1996 US 584848 
20.10.1995 US 5759 

(71) Applicant. W.L. GORE & ASSOCIATES, INC. 
Newark, Delaware 19714*9206 (US) 



(72) Inventor: Rosenmayer, Thomas C. 

Eau Claire, Wisconsin 54701-5632 (US) 

(74) Representative: McCallum, William Potter et al 
Crulkshank & Fairweather 
19 Royal Exchange Square 
Glasgow G1 3AE Scotland (GB) 



(54) Low dielectric constant material for use as an insulation element in an electronic device 



(57) A low d ielectric constant material is provided for 
use as an insulation element in an electronic device, 
such as but not limited to an integrated circuit structure 
for example. Such a low dielectric constant material may 
be formed from an aqueous fluoropolymer microemul- 



sion or microdispersion. The low dielectric constant ma- 
terial may be made porous, further lowering its dielectric 
constant. The low dielectric constant material may be 
deposited by a spin-coating process and patterned us- 
ing reactive ion etching or other suitable techniques. 



CO 

< 

00 
00 

1^ 

O) 
CD 

O 
Q. 



Printed by Jouve, 75001 PARIS (FR) 



EP 0 769 788 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 96 30 7535 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate. 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lntCt.6) 



EP 0 393 682 A (ASAHI GLASS CO LTD ;NMB 
SEMICONDUCTOR KK (JP)) 

* claims 1-10; examples 6-8 * 

US 5 312 716 A (UNOKI MASAO ET AL) 

* claims 1-17; examples 1,4 * 

US 5 442 237 A (HUGHES HENRY G ET AL) 

* column 4, Hne 65 - column 5, line 12; 
claims 1-8 * 



The present search report has been drawn up for all claims 



1-24 

1-24 
1-24 



H01B3/44 

H01L23/532 

H01L23/29 



TECHNICAL FIELDS 
SEARCHED (tntCI.6) 



H01B 
H01L 





Place ol search 


Date of completion of the search 


Examiner 




THE HAGUE ] 


19 November 1997 


Stienon, P 




CATEGORY OF CITED DOCUMENTS 


T : theory or pnncipie und 


erfying the invention. 






E • earlier patent document, but published on. or 


X 


panicula-iy relevant ft taken alone 


after the Ming date 




Y 


particularly relevant 1 combined with another 


C . document cited in the application 




document ol the same category 


L : document cited tor oth 


er reasons 


A 


technological background 






0 


non -written disclosure 


& : member of the same patent family corresponding 


P 


intermediate document 


document 





